Abstract.-Advances in the generation, retrieval, and analysis of phylogenetic data have enabled researchers to create phylogenies that contain many thousands of taxa. These "macrophylogenies"-large trees that typically derive from megaphylogeny, supermatrix, or supertree approaches-provide researchers with an unprecedented ability to conduct evolutionary analyses across broad phylogenetic scales. Many studies have now used these phylogenies to explore the dynamics of speciation, extinction, and phenotypic evolution across large swaths of the tree of life. These trees are characterized by substantial phylogenetic uncertainty on multiple levels, and the stability of macroevolutionary inferences from these data sets has not been rigorously explored. As a case study, we tested whether five recently published phylogenies for squamate reptiles-each consisting of more than 4000 species-yield congruent inferences about the processes that underlie variation in species richness across replicate evolutionary radiations of Australian snakes and lizards. We find discordance across the five focal phylogenies with respect to clade age and several diversification rate metrics, and in the effects of clade age on species richness. We also find that crown clade ages reported in the literature on these Australian groups are in conflict with all of the large phylogenies examined. Macrophylogenies offer an unprecedented opportunity to address evolutionary and ecological questions at broad phylogenetic scales, but accurately representing the uncertainty that is inherent to such analyses remains a critical challenge to our field.
It is increasingly possible to conduct macroevolutionary analyses across broad phylogenetic scales, thanks to the recent development of phylogenies that include thousands of species. These data sets enable biologists to explore patterns that may be missed at smaller scales and to test long-standing hypotheses that pertain to continental or global patterns. For the purposes of this article, we use the term "macrophylogeny" to describe phylogenies that (i) are typically produced via supermatrix (typically very large and often sparse genetic data matrices; Driskell et al. 2004) , supertree (the grafting of multiple phylogenies to one another; Sanderson et al. 1998) , or megaphylogeny (the use of automated pipelines to assemble genetic data matrices; Smith et al. 2009 ) methods, (ii) include several thousand or more species-level taxa, and (iii) are sufficiently large that it is challenging or impossible to adequately account for numerous sources of phylogenetic uncertainty during tree construction and time calibration. Macrophylogenies provide standardized phylogenetic frameworks from which clades can be extracted and compared and several such trees have been used by many hundreds of studies as a starting point for "downstream" comparative analyses. Such macrophylogenies have been generated for birds (Jetz et al. 2012; Burleigh et al. 2015) , mammals (Bininda-Emonds et al. 2007; Faurby and Svenning 2015) , amphibians (Pyron and Wiens 2011) , squamate reptiles (Pyron et al. 2013 ; Pyron and Burbrink 2014; Tonini et al. 2016; Zheng and Wiens 2016) , ray-finned fishes (Rabosky et al. 2013) , flowering plants (Zanne et al. 2014) , and all of life (Hedges et al. 2015; Hinchliff et al. 2015) . The appearance of such large phylogenies for a broad range of taxa within the last few years can be attributed to advances in sequence data acquisition and alignment (Smith et al. 2009 ; Thomson and Shaffer 2009; Hinchliff and Roalson 2013) and computational improvements in phylogeny estimation (Zwickl 2006; Stamatakis 2014) .
In this article, we ask a simple question: do different macrophylogenies yield congruent macroevolutionary inferences? Our question is motivated by the observation that the phylogenies listed above have been used by hundreds of subsequent studies involving character evolution, biogeography, comparative analysis, and species diversification. We focus on a single group of organisms-squamate reptiles-because multiple largescale phylogenies now exist for the group (Pyron and Burbrink 2014; Wright et al. 2015; Hedges et al. 2015; Tonini et al. 2016; Zheng and Wiens 2016) .
Although most researchers acknowledge that accommodating phylogenetic uncertainty is important, phylogenies produced by different research groups may differ in fundamental ways, and these differences may not be captured by simply considering posterior distributions of phylogenies (when available) produced by a single research group. In addition, phylogenetic uncertainty is itself rather poorly defined at the scale 
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of macrophylogenies, even when researchers have made comprehensive distributions of phylogenies available for subsequent analyses. For example, a number of studies have used Kuhn et al.'s (2011) distribution of phylogenetic trees for all mammalian species for macroevolutionary analyses (e.g., Price et al. 2012; Rolland et al. 2014) . However, this distribution of phylogenies accounts for a very weak form of uncertainty, as the only variation among trees comes from imputation, or the randomized resolution of nodes using taxonomic constraints, for which there were polytomies in the original Bininda-Emonds (2007) tree. Moreover, macrophylogenies are often distinct from smaller phylogenies, in that their size has required researchers to implement strong constraints on taxon monophyly (e.g., Rabosky et al. 2013; Zanne et al. 2014) or to fix the topological backbone of their phylogenies (e.g., Jetz et al. 2012) . Finally, computational considerations can lead to challenges in validating tree optimizations due to the size of the data sets (Misof et al. 2013; Wright et al. 2015) . Particular genetic samples can cause instability in phylogenetic inference ("rogue taxa"; Thomson and Shaffer 2009 ) and inference complications can arise from the fact that data matrices for macrophylogenies constructed with supermatrix approaches often contain mostly missing data, leading to the presence of "tree terraces," or regions of tree space that cause ambiguity in phylogenetic inference (Misof et al. 2013; Hinchliff and Smith 2014; Sanderson et al. 2015) .
In this article, we compare macroevolutionary correlates of species richness using five macrophylogenies (Table 1) that have recently been generated for squamate reptiles, to test whether these phylogenies yield congruent results. The Pyron, Wright, Zheng, and Tonini trees were similarly inferred via supermatrix approaches. Specifically, Wright et al. (2015) provided a reanalysis of the DNA sequence alignment from Pyron et al. (2013) , which they then further optimized in terms of both topology and branch length, thereby generating several alternative phylogenies based on the same sequence data, fossil calibrations, and time calibration methodology (in this study, we use their "best" phylogeny with optimized topology and branch lengths). Hedges et al. (2015) produced a timetree of life (TTOL), which was generated by taking a tree representation of the NCBI taxonomy and repeatedly applying time and topological constraints to nodes, iteratively moving from the tips of the tree to the root. These constraints were taken from a database of phylogenies and divergence times that Hedges et al. (2015) compiled from the scientific literature. Although the TTOL has been presented as a resource for studying all of life, a number of studies have used taxonomic subsets for phylogenetic analysis (see Marin and Hedges 2016; Oliveira et al. 2016; Rolland and Salamin 2016) . Zheng and Wiens (2016) combined the genetic data matrix from Pyron et al. (2013) with the matrix from another study ) that sampled up to 44 nuclear genes for 161 squamate species, to generate their phylogeny. Finally, Tonini et al. (2016) generated a squamate phylogeny for 9574 species, 5415 of which had genetic data, the rest of which were imputed using PASTIS (Thomas et al. 2013) . In this study, we focus on a posterior distribution of 1000 trees for those taxa with genetic data only, where the topology has been constrained to the maximum likelihood estimate, but where divergence times vary. Note: 'Source for date' lists the reference from which crown clade age was taken for the clade literature age. 'Source for richness' lists the reference from which species richness was taken. The 95% confidence interval is also reported for 1000 trees from Tonini et al. (2016) .
Multiple studies have now used these phylogenies as "point estimates" for studying macroevolutionary patterns (Pyron and Burbrink 2014; Hedges et al. 2015 , Scharf et al. 2015 , and our goal in this article is to address whether these macrophylogenies yield congruent inferences about evolutionary and ecological processes. As a focal question, we investigated the determinants of continental-scale patterns of species richness, a conceptual issue of broad interest to evolutionary biologists and ecologists alike (Mittelbach et al. 2007; Fritz and Rahbek 2012; Kennedy et al. 2014) . We focus on Australia, because it is home to multiple distinct radiations of squamate reptiles that differ greatly in species richness (Table 2) . To cross-reference these phylogenetic data sets, we also compiled phylogenetic and biogeographic information on Australian squamate clades from the literature ( Table 2) .
We assessed the influence that data set choice might have on evaluating two hypotheses that pertain to drivers of diversity: the relationship between species richness and clade age and between species richness and diversification rate. Correlations between clade age and species richness have often been examined to assess support for the "time-for-speciation" effect (Stephens and Wiens 2003) , which would imply that nonequilibrial factors play an important role in maintaining diversity. The second hypothesis follows from the simple assumption that clades with higher speciation rates should be more diverse than clades with lower speciation rates, although correlations between speciation and extinction rates can potentially weaken or even eliminate such relationships.
In evaluating these hypotheses, we show that these phylogenies are characterized by considerable discord in clade age, with important consequences for macroevolutionary inference. The incongruence that we find appears to be due to many factors, including time calibration methodology and topological differences. Phylogenetic uncertainty is highly conditional on specific data sets and phylogenetic methodology, and our findings suggest an acute need to both quantify and conceptualize uncertainty in its absolute sense.
METHODS
We identified 12 clades of Australian squamates that have radiated in situ by identifying groups in which the majority of the species occur on the Australian continent (Greer 1979; Hugall et al. 2008; Rawlings et al. 2008; Oliver and Sanders 2009; ; kinner et al. 2011; Vidal et al. 2012; Marin et al. 2013; Rabosky et al. 2014a; Sistrom et al. 2014) . These clades account for roughly 93% of squamate species that occur in Australia (Reptile Database, Uetz and Hošek 2015) . For each of these squamate radiations, we identified analogous clades in each of the five phylogenies, as well as in the literature (taxa used to define these clades can be found in Supplementary Table S1, available on Dryad at http://dx.doi.org/10.5061/dryad.60js5). In most cases, we were able to identify equivalent clades across the three phylogenies that represent the Australian radiations. Phylogenies for each clade and for each phylogenetic data set can be found in the Supplementary Material (Supplementary Figs. S1-S12 available on Dryad). The ease with which we identified clades across phylogenies can be categorized into three scenarios.
In the first scenario, we identified in each phylogeny an equivalent node that represents the Australian radiation, and that contains the same set of species (barring sampling disparities). This was the case for Agamidae, Carphodactylidae, Diplodactylidae, Pygopodidae, Sphenomorphinae, and Varanidae. In the second scenario, a node was identified that represents the Australian radiation, but due to topological differences, the group was not always monophyletic. This situation arose for the Egernia group, the Eugongylus group, Gehyra, and Typhlopidae. Therefore, the node that identifies the clade with the most Australian species was found, sometimes at the expense of either leaving out Australian species or by including a few non-Australian species. Details regarding how we selected nodes for these clades can be found in the Supplementary Material (Supplementary Figs. S13-S16 available on Dryad). Finally, the third scenario involved VOL. 66 more problematic clades. For Elapidae and Pythonidae, Australian radiations were easily identified for the Pyron, Wright, Zheng, and Tonini phylogenies, but equivalent nodes could not be found in the TTOL, where the topology was greatly different from the other macrophylogenies, and from the literature on these groups, such that no Australian radiation node existed. For the TTOL, we chose the node that is the most recent common ancestor to the species that are thought to belong to the Australian radiation, such that other non-Australian species were included (Supplementary Figs. S5 and S9 available on Dryad, for Elapidae and Pythonidae, respectively). When calculating diversification metrics for these two clades from the TTOL, we used sampled richness rather than known species richness (154 for Elapidae and 78 for Pythonidae) as these clades no longer represent a subset of the set of species described in the literature.
Once equivalent clades were identified, we then extracted the crown clade age of each of these clades, and paired these ages with the known species richness of these clades (as opposed to species richness as sampled in the phylogenies). Where species richness was not found in the literature, we relied on species listings from the Reptile Database (Uetz and Hošek 2015) .
We extracted crown clade ages from the five macrophylogenies, and identified crown clade ages from clade-specific literature (hereafter referred to as the "byclade literature" data set; Table 2 ), for a total of six data sets. As Tonini et al. (2016) generated a distribution of 10,000 trees, we calculated the mean crown clade age across 1000 trees for each Australian radiation for our analyses, and reported both the mean and 95% confidence interval (Table 2) . We compared these crown clade ages across phylogenetic data sets and used a t-test to assess significance in Pearson correlation coefficients.
For each clade and for each data set, we calculated three diversification metrics (Supplementary Table S2 available on Dryad). We computed per-lineage net diversification rate, as per Equation (7) in Magallón and Sanderson (2001) , with a relative extinction rate of 0.5. As these clades might not be diversifying under a constant-rate scenario, we also estimated speciation rates using BAMM v2.5 (Rabosky et al. 2014) . BAMM is a Bayesian approach, which requires an ultrametric phylogeny and identifies shifts in diversification, while allowing for temporal rate heterogeneity. We performed separate BAMM analyses on each Australian squamate clade as extracted from each of the three phylogenies. We identified appropriate priors for speciation and extinction with BAMMtools (Rabosky et al. 2014b) , and defined the prior for the distribution of rate shifts by setting the expected number of shifts at 10. We accounted for incomplete sampling by setting the global sampling fraction according to the known richness for each clade (Table 2) , and ran BAMM for 30 million generations (100 million generations for Sphenomorphinae, the largest clade). As the divergence times (but not the topology) vary in the Tonini et al. (2016) distribution of trees, we extracted the clades of interest from 100 trees from the posterior distribution, and ran BAMM on each separately. To get an overall estimate of speciation rate for a given clade from the BAMM analyses, we calculated mean time-integrated rates across each clade phylogeny, averaged across the posterior distribution of BAMM results (Rabosky et al. 2014b) . For the Tonini data set, the clade-specific estimate was simply the median time-integrated rate taken from the distribution of 100 such rates that were estimated for each focal clade. Finally, we calculated the DR statistic, a speciesspecific measure of speciation rate at the tips of the tree (Jetz et al. 2012; Belmaker and Jetz 2015) . We predicted that the DR statistic would be more sensitive to variation in branch lengths near the tips of the tree rather than to uncertainty in crown age. We calculated the DR statistic on phylogenies pruned to the set of taxa with matching names across all phylogenies in order to avoid any influence of sampling intensity. We made one manual adjustment, where we changed the genus of the Australian blindsnakes in all phylogenies to Anilos in order to avoid the loss of all Australian blindsnakes in the common set. For the Tonini data set, we took the average of the DR statistic, calculated across 1000 trees from the posterior distribution. We then calculated the mean DR statistic for each Australian radiation. We examined the congruence across data sets in several predictors of species richness (clade age, diversification rate) and tested whether the relationship between these macroevolutionary predictors and species richness differed across the focal phylogenies.
Many researchers are interested in the relationship between clade age and species richness as well as the effect of time on lineage diversification within geographic regions (McPeek and Brown 2007; Rabosky et al. 2012 , Tank et al. 2015 , but the power to detect this relationship from imperfect data on clade ages has rarely been addressed. We explored the effects of uncertainty in clade age on our ability to recover true correlations between crown clade age and species richness by performing a set of power simulations where we empirically parameterized the error variance in clade age from the variance in ages observed across the six empirical data sets. We simulated crown clade ages with fixed correlations to the observed species richness ( Table 2 ), such that the observed variance in age among clades was equal to the mean amongclade variance across the six data sets in this study (variance = 94.595). We then computed the variance in ages for each clade across the focal data sets (e.g., elapids: variance = 182.82). We treated these cladespecific variances as the error distribution for "true" clade age, and-for each simulation-added noise to each simulated age by drawing normal random variables from these distributions. We performed this test across 20 true correlations (1000 simulations per correlation), ranging from 0 to 0.95, and tabulated the frequency with which we observed a significant correlation between (log-transformed) richness and clade age.
Topological differences across these macrophylogenies might influence comparisons of crown clade ages, particularly if these differences lead to inconsistencies in how equivalent clades are identified across phylogenies. Furthermore, topological differences can impact time calibration and ultimately diversification analyses, as fossils or secondary calibrations will interact with tree topology in the calibration process. We compared the topologies of the macrophylogenies examined in this study to each other as well as to a maximum likelihood, 161-taxon phylogeny of squamates that was inferred from up to 46 genes (Reeder et al. 2015) . We pruned all phylogenies to the set of common taxa and calculated pairwise Robinson-Foulds symmetric distances (Robinson and Foulds 1981) with the phangorn package v2.0.4 (Schliep 2011) in R. This metric determines the total number of branches that would need to be removed or added in order to transform one phylogeny into the other. We then projected these pairwise distances into 2D space using multidimensional scaling.
RESULTS

Pairwise Comparisons of Phylogenetic Data sets
The pairwise relationships in crown clade ages exhibit large amounts of noise (Fig. 1) , with some pairs exhibiting negative correlations. Significant positive correlations were observed in only 4 of 15 possible comparisons. The TTOL and the by-clade literature crown clade ages were not found to be significantly positively correlated with any other data set. Even if we omit Pythonidae-a clade that was highlighted as being problematic during the analogous clade selection process-four pairwise comparisons retain negative correlation coefficients. As Tonini et al. (2016) generated a distribution of trees, we were also able to compare the byclade literature clade ages to the 95% confidence interval from the divergence times of the Tonini trees. Only 6 of the 12 clades showed overlap in these two data sets ( Supplementary Fig. S17 available on Dryad).
Pairwise comparisons of diversification metrics exhibit a similar pattern to the comparison of clade ages (Fig. 1) . This is expected, as crown clade age is a key component of diversification metrics. Net diversification rates for the Pyron, Wright, Zheng, and Tonini phylogenies were significantly correlated (or nearly so with Wright-Tonini). Net diversification rates for the TTOL and clade literature were also significantly correlated, likely due to some of this literature being incorporated in the construction of the TTOL. Similar patterns were found with speciation rates from BAMM ( Supplementary Fig. S18 available on Dryad), and net diversification rates were highly correlated with BAMM speciation rates (Pearson's correlation r = 0.88). Mean clade values for the DR statistic were poorly correlated across phylogenies ( Supplementary Fig. S19 available on Dryad), although individual species values showed relatively high correlations ( Supplementary Fig. S20 available on Dryad). The DR statistic assumes that phylogenies are fully sampled, but we found that the metric is relatively robust to levels of incomplete sampling in the focal phylogenies ( Supplementary  Fig. S21 available on Dryad).
Implications for Drivers of Diversity
We observed some conflict across the focal data sets regarding the roles of clade age and diversification rate in the generation of species richness patterns. As the Pyron and Wright trees generally behaved similarly to Zheng and Tonini, we present a subset of the data sets (Fig. 2) , but all are presented in the Supplementary Material ( Supplementary Fig. S22 available on Dryad). Only the Wright phylogeny led to significant relationships between crown clade age and species richness for Australian squamates ( Supplementary Fig. S22a available on Dryad). Net diversification rate had a significant positive relationship with species richness for the TTOL and by-clade literature data sets (Fig. 2b) . Time-variable speciation rates from BAMM exhibited a lack of a relationship with species richness across data sets (Fig. 2c) , and the DR statistic was positively related to species richness for the TTOL exclusively (Fig. 2d) .
Power Analysis of the Richness-Clade Age Relationship
We found that a true correlation between clade age and species richness must be relatively high to detect such a relationship in the presence of estimation error in clade age (Fig. 3) . For example, even with a true correlation of 0.8, which would be considered a strong relationship in the empirical literature, we would have failed to recover a significant correlation in at least 50% of data sets, given the discordance in clade ages across the focal data sets.
Comparisons of Topology
We calculated Robinson-Foulds distances for two sets of trees: the macrophylogenies presented throughout this study (3487 taxa in common) and these phylogenies in addition to a backbone phylogeny from Reeder et al. (2015) for 118 taxa in common, representing 113 genera and 57 families. Topological discordance is highlighted across all taxonomic levels in the first analysis, and across deeper parts of the trees in the second analysis. We found that for both tree sets, the TTOL and Tonini trees tended to be most distant from each other and from all other data sets (Fig. 4) .
DISCUSSION
We found that macrophylogenies for squamate reptiles that have been produced by different research groups do not lead to predictable and consistent inferences on the causes of macroevolutionary patterns. Moreover, divergence times generally do not agree with those found in the literature on particular squamate groups, nor are they consistent across macrophylogenies. Our motivation for this study is Examination of the influence of data set selection on a) the relationship between clade age, b) net diversification rate, c) BAMM speciation rates, and d) the DR net diversification rate statistic on log species richness, for a subset of data sets (all data sets are shown in Supplementary Fig. S22 available on Dryad). Each column represents the same phylogenetic data set. BAMM speciation rates and the DR statistic are not available for the by-clade literature as separate, well-sampled clade phylogenies were not available. The line of best fit is only plotted for those relationships that are statistically significant, as determined through linear regression. The choice of phylogeny can have an appreciable impact on the outcome of these hypotheses regarding controls on species richness; see text for discussion.
the observation that published phylogenies-with or without uncertainty-are widely used as primary data for "downstream" macroevolutionary analyses involving diversification, phenotypic evolution, and comparative analyses. It is widely appreciated that calibrating phylogenies to an absolute timescale is a challenging task (Graur and Martin 2004; Hugall et al. 2007; Lee et al. 2009; Smith et al. 2010) , although many significant advances have been made (Pyron 2011; Heath et al. 2014; Warnock et al. 2015) . Additionally, the inference of macrophylogenies poses inherent difficulties because of the typical sparseness of genetic FIGURE 3. Impact of uncertainty in clade age on the analysis of age-richness relationships, across a range of true correlations. Age-richness data sets were simulated with fixed correlations and uncertainty was parameterized from the observed variation in age across the focal clades. a) Proportion of simulations that recover a significant relationship between the two variables without (white points) and with (black points) noise added to the crown clade ages. b) Median P-value and associated interquartile range across 1000 simulations of crown clade ages with added noise; gray line illustrates theoretical relationship (e.g., no uncertainty in age). data for large taxon sets (e.g., Hinchliff and Smith 2014) , and the computational challenges of optimizing topologies and branch lengths when the universe of possible trees is large (but see Smith et al. 2010; Sanderson et al. 2015; Wright et al. 2015 ).
We documented a lack of consistency in both absolute and relative clade ages for Australian squamates across several recent large phylogenetic data sets and the literature. These differences can have a significant impact on macroevolutionary analyses, as shown here with evaluations of the "time-for-speciation" effect and of the potential correlation between species richness and diversification rates, where conclusions varied across data sets (Fig. 2) . Similar inconsistencies would likely manifest themselves in the application of comparative methods with trait data. For example, after Pyron and Burbrink (2014) found support for viviparity as the reconstructed root state in squamates, Wright et al. (2015) showed that an improved phylogeny-obtained from the same sequence alignment-led to decreased support for this controversial finding. If the primary difference between the five macrophylogenies considered here was simply the relative divergence time of a common set of clades, we would have observed highly concordant inferences across all data sets. However, this is not what we find. In the by-clade literature, the 95% confidence interval on the crown clade age has been reported for 10 clades. Interestingly, out of 50 comparisons (10 clades and 5 macrophylogenies), we find 25 cases where the macrophylogeny clade age is outside of the 95% confidence interval from the clade-specific literature.
Even if clade age was a dominant contributor to species richness patterns across the Australian squamate clades, our analyses suggest that power to infer this relationship would be relatively low given the variance in clade ages observed across the focal data sets (Fig. 3) . This lack of statistical power would presumably influence measures of diversification. The rank ordering of Australian squamate clades by net diversification rate varies considerably across data sets ( Supplementary Fig.  S23 available on Dryad), which would likely impact any analyses relating traits to diversification across the focal clades.
Why do we observe such discrepancies in clade ages across these data sets? This is a difficult question to answer as the fossil calibrations, genetic markers, calibration methodology, tree topology, and error associated with each of these has the potential to lead to differences in node ages. Pyron and Burbrink (2014) constrained the divergence time for Lepidosauria, and applied point estimate constraints for six suprafamilial groups, applying secondary calibrations as inferred by Wiens et al. (2006) . Wright et al. (2015) applied the same constraints as Pyron and Burbrink (2014) . Zheng and Wiens (2016) applied 13 primary fossil calibrations, mostly as minimum age constraints, which were summarized and employed in a previous study . Tonini et al. (2016) applied uniform prior distributions on the 95% highest posterior densities for 10 clade ages reported by Jones et al. (2013) . Pyron and Burbrink (2014) , Wright et al. (2015) , and Zheng and Wiens (2016) used treePL (Smith and O'Meara 2012) to render their phylogenies ultrametric and infer divergence times with these constraints. Tonini et al. (2016) time-calibrated their phylogenetic backbone using the independent gamma rates model (Ronquist et al. 2012b) in MrBayes (Ronquist et al. 2012a ), a relaxedclock model that is similar to the one implemented in BEAST. As Pyron and Burbrink (2014) and Wright et al. (2015) employed the same genetic data, calibrations, and calibration method, we wanted to determine how much of the differences in clade ages between these two trees are due to treePL optimization versus tree topology and branch length differences. We therefore recalibrated the Pyron phylogeny with the same treePL parameters used by Wright et al. (2015) , as provided in their Supplementary Material (available on Dryad). We found that the resulting recalibrated Pyron phylogeny has virtually identical crown clade ages to the Wright phylogeny (Fig. 5) and exhibited very similar patterns and results to the Wright phylogeny in all analyses. Presumably, we would have found an equivalent result had we recalibrated the Wright phylogeny with Pyron et al.'s treePL parameters. This indicates that the majority of the Pyron-Wright discrepancies appears to be due to how the different research teams optimized and ran treePL, or to differences in the versions of treePL that were used for analysis. However, these differences are consequential: clade ages differ by up to 25 myr between these trees; the rank order of clades by diversification rate is in conflict; and clade age was a significant predictor of species richness in Wright but not Pyron.
Although the Pyron, Zheng, and Tonini phylogenies have been inferred from similar data matrices of GenBank sequence data, the information used for time calibration is quite dissimilar. Zheng and Wiens applied primary fossil calibrations, whereas Pyron and Burbrink (2014) and Tonini et al. (2016) applied secondary calibrations, as they used clade ages derived in Wiens et al. (2006) and Jones et al. (2013) , respectively. If we compare the fossil calibrations used by the source publications- Wiens et al. (2006) , Mulcahy et al. (2012) , and Jones et al. (2013) -only one fossil was shared in all three, two were shared by Wiens et al. (2006) and Mulcahy et al. (2012) , and one was shared by Mulcahy et al. (2012) and Jones et al. (2013) . However, as the Pyron and Tonini phylogenies were calibrated with secondary calibrations, use of the same fossil did not lead to use of the same date, or calibration of the same node. Therefore, despite highly overlapping genetic data, we would not necessarily expect the node ages to be highly concordant.
Overall, there is little overlap between the set of fossil calibrations used in the Pyron, Wright, Zheng, and Tonini phylogenies and those used in the cladespecific literature (the TTOL was not calibrated in the same way and therefore cannot be directly compared). The original clade-specific studies for 6 out of 12 Australian clades (Diplodactylidae, Carphodactylidae, Pygopodidae, Pythonidae, Typhlopidae, Elapidae) did not use any of the same fossil calibrations as the macrophylogenies. Skinner et al. (2011 ), Sistrom et al. (2014 shared some fossil calibrations with Wiens et al. (2006), and Hugall et al. (2008) shared a fossil calibration with Jones et al. (2013) ; however, the dates used were not always the same. Most significantly, a fossil anguimorph, Parviraptor, representing the split between Iguania and Anguimorpha, was used by Skinner et al. (2011) as well as by Sistrom et al. (2014) Relationship between divergence time estimates for Australian squamate clades using Pyron and Wright phylogenies after recalibrating the Pyron tree with treePL parameters used in the Wright tree calibration. Pearson correlation coefficient and t-test P-value are reported in the corner of the scatterplot. It is clear that the differences in crown clade ages between the Pyron and Wright phylogenies are mostly due to details of the calibration approach rather than the topology per se. Gehyra), and by Wiens et al. (2006) , the study from which Pyron and Burbrink (2014) acquired their age constraints. However, Wiens et al. (2006) applied an age that is substantially younger (24 myr) than that used by the other studies, and the identity of Parviraptor has since become controversial (Hugall et al. 2007, Sanders and Caldwell et al. 2015) . The use of this potentially problematic earlier date has therefore propagated to the Pyron and Wright phylogenies. The overlap in fossil calibrations between data sets also does not necessarily lead to more or less congruence in clade ages, as Gehyra and Varanidae, which share calibrations with Wiens et al. (2006) are not particularly more stable in age across phylogenies. If we were to calculate the standard deviation of the clade ages across data sets as a rough measure of stability of clade age, Gehyra and Varanidae would rank tenth and fourth out of 12, respectively.
A worrisome finding is that none of the five macrophylogenies examined here, which represent all of the available large-scale species-level phylogenies for squamates at the time of writing, have crown clade ages that correspond to those found in the literature on these particular groups of Australian squamates (Fig. 1) . The lack of congruence with the literature is such that analyses of diversification or trait evolution will likely be at odds with the literature on these groups, for example, relating to the timing of biogeographic events. Although detailed analyses focused on particular clades will be necessary to gain a full understanding of the source of these discrepancies, the minimal overlap in calibrations used by the macrophylogeny studies in comparison to the clade-specific studies might play a role.
Overall, the TTOL had clade ages that were most consistent with the literature on particular clades, although the relationship was not statistically significant (Fig. 1) . This is not surprising, as the divergence times in the TTOL are taken directly from the literature. However, in our examination of the TTOL topology, we found many phylogenetic relationships that are at odds with current understanding of squamate relationships, and this may be due to the fact that construction of the TTOL started with a tree representation of the NCBI taxonomy, with the subsequent random resolution of polytomies using a birth-death polytomy resolver (Hedges et al. 2015) . Two of the more extreme examples that we identified are Pythonidae and Elapidae (the two clades in our "third scenario"). It has been established that Indo-Australian pythons form a monophyletic group (Rawlings et al. 2008; Reynolds et al. 2014) . In the TTOL, we found that the Australian pythons are polyphyletic; the MRCA of Australian pythons in this tree defines a clade that also contains a biogeographically disparate set of taxa from another family (Boidae, Supplementary Fig. S9 available on Dryad) . Similarly, all previous analyses have suggested monophyly of Australian elapid snakes (Keogh 1998) . However, in the TTOL, we found South American coral snakes, African and Asian cobras, and other non-Australian elapid species interspersed throughout the Australian elapids, rendering this group polyphyletic ( Supplementary Fig.  S5 available on Dryad). We found a number of other surprising relationships in Typhlopidae and Eugongylusclade skinks. These issues in the TTOL were also captured by our tree topology analyses, with the TTOL having the greatest Robinson-Foulds distance from all other trees (Fig. 4) . Considering that all trees exhibit such large distances with the TTOL, it is quite possible that other major topological problems exist in the TTOL outside of the Australian clades.
It is critical to recognize that "phylogenetic uncertainty," as presented in the empirical literature, is a metric that is highly conditional on the data, models, and other constraints that enter a particular analysis. The distinction between absolute and conditional uncertainty is likely to be especially acute for macrophylogenies, which frequently utilize a number of constraining assumptions to ensure computational tractability. To illustrate this point, we compared the Tonini phylogeny with the squamate phylogeny from Reeder et al. (2015) . Tonini et al. (2016) generated a distribution of 10,000 trees to accommodate phylogenetic uncertainty. However, the backbone of these phylogenies is constrained in terms of topology (but not divergence times) and as a result does not vary across the posterior distribution. The topology of this constrained backbone is different from Reeder et al. (2015; Fig. 4b ). Therefore, any diversification or phenotypic evolution study that integrates across the posterior distribution of trees from Tonini et al. (2016) will not include the topology inferred by Reeder et al. (2015) . A similar situation can be found with recent phylogenies for birds, where Jetz et al. (2012) also constrained the backbone of their tree to a topology of higher level avian relationships that ultimately was not recovered by a more recent genomic study of avian phylogenetics (Prum et al. 2015) . These two cases provide examples of phylogenetic uncertainty that reflect built-in constraints (in this case, of the backbone) and therefore fail to capture topologies that ultimately are being found to be more probable with larger or more complete data matrices. Incorporating uncertainty in backbone topologies into the final distribution of trees would allow one to account more thoroughly for phylogenetic uncertainty. Approaches that assess absolute phylogenetic uncertainty can potentially help assuage these issues (Brown 2014b) , including the use of posterior predictive simulations (Brown 2014a ), but the sheer size of the data sets considered here may render such approaches impractical in many cases.
CONCLUSIONS
We found that differences in timing and topology across the phylogenies we examined led to considerable variation in the crown clade ages of Australian squamate groups, both in an absolute and relative sense. This variation in age, in turn, influences our ability to recover macroevolutionary determinants of species richness. As Australian squamates belong to distantly related clades that span the squamate tree, it is very likely that similar problems exist for comparisons of other groups as well. Depending on the phylogenetic breadth of the group being analyzed, and the ages of the nodes involved, the severity of such problems might vary, as the age of nodes of interest can become less reliable with distance from the calibration nodes if molecular rate variation is high (Duchêne et al. 2014 ). As we found that the fossil calibrations used in the clade-specific literature were almost entirely nonoverlapping with the calibrations used by the macrophylogeny studies, it would appear that there is an opportunity to evaluate and incorporate more of these calibrations into large-scale phylogenetic analyses for squamates, as incorporating calibration nodes throughout the tree should lead to more reliable estimates of node ages at both deep and shallow timescales (Duchêne et al. 2014) . Ultimately, however, fossil calibrations need to be critically evaluated in terms of both their placement and age, and further research into identifying the most appropriate fossils for time calibration of phylogenies should be a priority (Near et al. 2005; Warnock et al. 2015) . Additionally, the vast majority of sensitivity and simulation-based studies on divergence dating has focused on the program BEAST (Drummond and Rambaut 2007) , whereas phylogenies like those discussed here are too large to be calibrated with this program. Simulation studies are needed to assess the performance and behavior of programs that can work with large phylogenies, such as treePL (Smith and O'Meara 2012) . We suspect that, on account of constraints and other factors commonly used in macrophylogeny construction, phylogenetic uncertainty is generally more conditional than typically acknowledged. The conditional nature of this uncertainty can give a false sense of confidence in both phylogenies and inferences derived from those phylogenies, as we have shown with the comparison of the macrophylogenies to Reeder et al. (2015) .
Ultimately, the issues discussed in this study are likely to be resolved with the careful evaluation and placement of fossil calibrations, larger, more complete molecular data matrices, and a more rigorous presentation of phylogenetic uncertainty in the absolute sense, for example, through the use of posterior predictive simulations (Brown 2014a) . In the meantime, we recommend that the Tonini or Zheng phylogenies VOL. 66 be used over the Pyron or Wright phylogenies, as the Wright tree was demonstrated to be an improvement over the Pyron tree, and the Tonini and Zheng trees were inferred from larger genetic data matrices and improved fossil information. Additionally, given the method of construction of the TTOL and the discrepancies in topology observed here, we generally do not recommend use of this phylogeny for downstream comparative analyses involving squamates. Finally, in conducting analyses with macrophylogenies, concordance with the taxon-specific literature should be evaluated if the timing of biogeographic events is important for the interpretation of results.
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